by preventing the morphological changes of the zona glomerulosa cells into zona fasciculata-like elements we investigated the effects in rats of a 6-day treatment with ACTH (100\ g = m \ g / k g / d a y ) alone or c o m b i n e d with angiotensin II (300ng/kg/day) on corticosterone and aldosterone production and adrenal morphology. The responsiveness of both steroids to an acute ACTH dose was also studi edon the last day of long-term treatment. Morphologic data showed that prolonged ACTH treatment stimulated the growth of zona glomerulosa cells, though it transformed the tubulo-lamellar cristae of mitochondria into a homogeneous population of vesicles. Angiotensin II furthered the trophic effects of ACTH but prevented the mitochondrial transformation. Despite its ability to conserve the well differentiated aspect of the zona glomerulosa cells, the administration of angiotensin II was unabl e to prevent the fall inthe secretion of aldosterone caused by chronic ACTH treatment and its subsequent unresponsiveness to ACTH stimulation.
The transitory stimulation of aldosterone secre¬ tion by long-term ACTH administration is a well known phenomenon which has been observed in man and in experimental animals (Newton et Among the mechanisms which have been pro¬ posed to explain this phenomenon, the most at¬ tractive seems that of a direct effect of ACTH upon the zona glomerulosa cells which induces their transformation into a fasciculata-like form (Hornsby et al. 1974; McDougall et al. 1980; Nussdorfer et al. 1982) .
In the present study we sought to give support to the hypothesis that elevated angiotensin II levels, by maintaining a stimulation of the zona glomerulosa, may prevent this transformation and thus allow sustained stimulation of aldoste¬ rone by ACTH (Gaillard et al. 1983) . For this purpose we studied the effects in the rat of prolonged ACTH treatment on aldosterone and corticosterone production as well as on the ultrastructure of the adrenal cells, and tried to counterbalance these effects by concomitant treat¬ ment with angiotensin II. Furthermore, on the last day of the experimental period we tested the ability of the adrenals to respond to an acute stimulation by ACTH.
Materials and Methods
Thirty-two male Wistar rats weighing 256 ± 12 g (SD) were housed in individual metabolic cages under con¬ trolled lighting conditions and fed a normal diet (Kliba (Chabert et al. 1984) . Plasma corticosterone was measured by the com¬ petitive protein binding assay of Leclercq et al. (1969) after testing this procedure (y) against a RIA procedure for plasma corticosterone ( ) (Chabert et al. 1984 (8.5 ± 1.6 vs 37.8 ± 6 fmol/ml; < 0.05).
The adrenal glands were dissected free of fat and processed for electron microscopy as described by Nussdorfer et al. (1982) . Thick sections were made by LKB III ultramicrotomes and examined by light micro¬ scopy to select the zona glomerulosa. Thin sections were counterstained with lead hydroxide and examined in a Hitachi HS-9 electron microscope. For morphometric assessments the sampling procedure used was that de¬ scribed by Mazzocchi et al. (1983) . The average volume of zona glomerulosa cells and the absolute amount of the various organdíes per cell were determined accord¬ ing to Nussdorfer (1970) , employing conventional stereological procedures (Weibel 1979 
Results
Body weight increased steadily in the 4 groups of rats during the 6 experimental days but signifi¬ cantly less in the two ACTH-treated groups. Angiotensin II infusion alone or combined with ACTH had no effect. The total weight increase was 29.5 ± 2.3 g in the controls, 11.9 ± 1.3 g in group ( < 0.05), 30.4 ± 2.4 g in group C (NS) and 15.8 ± 3.6 g in group D (P < 0.05). Steroid excretion is shown in Fig. 1 . The mean urinary excretion of corticosterone was 258 ± 7.8 pmol/day in the control group and was not significantly changed by angiotensin II infusion (259 ± 8.4 pmol/day). ACTH alone or combined with angiotensin induced a 10-fold rise. The mean urinary excretion of aldosterone was 14.9 ± 0.6 pmol/day in the controls. In the angiotensin II treated animals it was 16.9 ± 0.8 pmol/day, and the daily excretion, although continuously higher, was never statistically different from that of the controls (0.05 < < 0.1). The acid-labile conju¬ gate was measured in group A and in group D.
The results were not statistically different, being (Fig. 2) into vesicles of about 70 nm in diameter (Fig. 3) . Chronic infusion of angio¬ tensin II induced similar though less conspicuous morphometric changes (Table 3) . Angiotensin II infusion significantly furthered the effects of ACTH on the zona glomerulosa cells (Table 3) (Fig. 4) .
Discussion
We recently suggested (Gaillard et al. 1983 (Tamaoki 1973) . Some lines of evidence indicate a direct relationship between the surface area per cell of mitochondrial cristae and SER tubules and the activity of some steroid¬ ogenic enzymes located in them (Mazzocchi et al. 1983 ).
ACTH administration alone for 6 days induced a sustained rise in urinary corticosterone excre¬ tion and a transient rise in aldosterone as ob¬ served in the same animal by Haack et al. (1978) and Guelpa-Decorzant et al. (1979) . These find¬ ings are in keeping with the present morphologi¬ cal data and with recent evidence showing that prolonged ACTH exposure enhances the activity per zona glomerulosa cell of 1 lß-hydroxylase and 3ß-OHSHD isomerase, but not of 18-hydroxylase (Mazzocchi et al. 1986 (Gaillard et al. 1983; Senetal. 1981 ).
In conclusion, despite its ability to prevent some of the morphological changes induced in the zona glomerulosa by prolonged ACTH 
